Cladocora caespitosa is a reef-building zooxanthellate scleractinian coral in the Mediterranean Sea. Mortality events have recurrently affected this species during the last decade. Thus, knowledge of its genetic structure, population diversity, and connectivity is needed to accomplish suitable conservation plans. In order to obtain a better understanding of the population genetics of this species, 13 highly variable microsatellites markers were developed from a naturally bleached colony. The developed primers failed to amplify zooxanthella DNA, isolated from C. caespitosa, verifying that these markers were of the coral and not algal symbiont origin. The degree of polymorphism of these loci was tested on tissue samples from 28 colonies. The allele number for each loci ranged from 2 to 13 (mean N a 5 5.4), with an average observed heterozygosity of 0.42 (H e 5 0.43) and all loci were in Hardy-Weinberg equilibrium. These new markers should be useful in future conservation genetic studies and will help to improve the resolution of the individual identification within this coral species. Primers were also tested in Oculina patagonica, with successful amplifications of several loci.
Introduction
Cladocora caespitosa (L.) is a colonial and zooxanthellate species native to the Mediterranean Sea (Zibrowius 1980) . Even though the species was considered as part of the Faviidae, this affiliation has been considered as dubious and this species has most recently been placed within Caryophylliidae (Romano and Cairns 2000; Cairns et al. 2001 ). However, the genus Cladocora has recently been included in Oculiniidae (Fukami et al. 2008) .
This species forms large bioconstructions with a high diversity of associated micro and macrofauna. Cladocora caespitosa is found over a wide ecological range, from shallow waters to 50-m depth, in hard and soft bottoms under variable conditions of exposure to the wave action and turbidity. It is a zooxanthellate coral that hosts endosymbiotic dinoflagellates (Symbiodinium, Dinophyceae) , that were identified by Visram et al. (2006) as belonging to the Symbiodinium type known as temperate A. When abundant, the colonies form beds of globose to hemispherical colonies (dense populations of numerous small colonies) or banks (colonies connected together in a large formation of more than 1 m high and covering several square meters) (Kruzic and Benkovic 2003) . This species is a hermaphroditic broadcast spawning coral (Kruzic et al. 2008) , which in the Adriatic Sea, releases gametes for a period of few days at the beginning of the summer, coinciding with increasing water temperature and correlated with the lunar cycle. Asexual reproduction may also occur by budding or fragmentation.
Since the Pliocene, C. caespitosa has been the only coral species that develops monospecific reef-like structures in the Mediterranean Basin. This coral species became very common in some Quaternary peri-Mediterranean basins and diverse Holocene and Pleistocene fossil banks have been described in different areas (e.g., Fornós et al. 1996; Bernasconi et al. 1997) . Nevertheless, according to Laborel (1987) , the present geographical range of C. caespitosa ''reefs'' in the Mediterranean has decreased with respect to its fossil distribution. The species regression prompted Augier (1982) to include this coral in a list of marine species in danger of disappearance. Morri et al. (2001) pointed out that regression is still in progress and is likely caused by seawater temperature changes. Additionally, recent episodes of mass mortality events of C. caespitosa have been documented all over the Mediterranean (e.g., Balearic and Columbretes Islands and Gulfs of Genoa and Naples, as reviewed in Garrabou et al. 2009) .
From this perspective, a more extensive knowledge of the reproductive biology of this coral, its dispersal abilities and the genetic structure and gene flow among different populations along its geographical range of distribution, could be informative for any conservation plan.
Microsatellite markers are hypervariable regions of the genome that are of particular interest of population genetics studies. The high levels of resolution given by these markers may help to understand the species processes of dispersal, recruitment, and reproductive strategies (Underwood et al. 2006) . Thus, the development of these markers is useful when working at the intraspecific level. Given the utility of these genetic markers, the aim of the present study was to develop a set of microsatellites to help to promote population studies in order to better understand the underlying genetic structure of extant populations of the species C. caespitosa.
Material and Methods
A partial DNA library for C. caespitosa was generated using hybridization capture for enrichment of repeat DNA sequences. In order to reduce the risk of zooxanthella DNA contamination, a naturally bleached colony founded in the Columbretes Islands (Spain, NW Mediterranean) was used as tissue source. DNA was extracted, using a phenolchloroform procedure, from tissue of a single polyp.
The absence of symbionts in the coral tissue was preliminary confirmed by negative PCR amplifications from an internal primer of the psbA gene in Symbiodinium: IA2F (GGA TGG GTA GAG AAT GGG AAT TCA G) and IA2R (CGA GAG TTA TTR AAG GAA CCA TAT TG) (Barbrook et al. 2006 ) and the 28S rRNA mitochondrial marker (F: CCC GCT GAA TTT AAG CAT ATA AGT AAG CGG; R: GTT AGA CTC CTT GGT CCG TGT TTC AAG A) (Zardoya et al. 1995) . To generate the enriched library, 4-5 lg of DNA were digested with 50 U of MboI endonuclease (Promega). Digested fragments were ligated with SauL1 (5#-GGC CAG AGA CCC CAA GCT TCG-3#) and SauL2 (5#-PO4-GAT CCG AAG CTT GGG GTC TCT GGC C-3#) linkers. Fragments from 250 to 1200 bp were excised from 2.5% agarose gel, purified (Biotools Gel Purification Kit), and amplified using SauL1 as primer. The resultant PCR product was used for the repeat sequences enrichment using 7 different 3# biotin-labeled probes: (AC) 12 , (GAT) 8 , (ACAT) 6 , (AAG) 8 , (GATA) 6 , (AAC) 8 , and (ATA) 8 bound to streptavidin-coated beads (Dynabeads M-280; Invitrogen). Fragments that hybridized with the repeat sequences were ligated to pGEM-T vector (Promega) and transformed into TOPO (TOPO TA Cloning; Invitrogen); the bacteria were grown over night at 37°C on LB agar plates supplemented with X-Gal-IPTG and ampicillin. Recombinant colonies were identified by blue/white screening, and clones containing microsatellites were identified by colony PCR as described in Bloor et al. (2006) . Positive clones were PCR amplified with M13 primers and sequenced on an ABI PRISM 3730 Sequencer (Applied Biosystems). Sequences were edited using the program SEQUENCHER 4.6 (GeneCode Corporation). Of a total of 568 putative positive clones sequenced from the genomic library, 130 contained repeat sequences and 45 were regarded as useful.
Amplification primers were designed for those sequences that were considered useful, using the program Primer 3 (Rozen and Skatletsky 2000) , and were then tested in DNA extracted from tissue samples of 8 colonies collected from 4 different localities. Amplifications were carried out in 10-ll reaction volumes using BIOTOOLS 1X standard reaction buffer with 2 mM MgCl 2 , 0.2 mM of each dNTP, 0.75U Taq polymerase, 0.5 lM of each primer, and approximately 0.30ng of DNA (extracted with Qiagen BioSprint IT 15DNA Blood Kit). The cycling profile was 94°C for 3 min, then 35 cycles at 94°C for 45 s, 50-56°C for 45 s (Table 1) , and 72°C for 30 s and a final extension at 72°C for 10 min. Fluorescently labeled PCR products were run on an ABI PRISM 3730 DNA Sequencer (Applied Biosystems).
Tissue samples were taken from 28 colonies in the vicinity of Puerto Tofiño (Illa Grossa, Columbretes Islands Marine Reserve, NW Mediterranean), which is the location of one of the most important bioconstructions of this species on the Mediterranean coasts (Kersting 2008) . Colonies were at least 1.5 m apart, to ensure sampling of different colonies. Tissue samples from each colony were typed (using above PCR conditions) to determine levels of polymorphism. Number of alleles (N a ), observed (H o ) and expected heterozygosity (H e ), and probability of identity (PI) value were calculated using GeneAlex 6.0 software (Peakal and Smouse 2006) . Tests of linkage disequilibrium and Hardy-Weinberg equilibrium were carried out using the program GenePop 3.4 (Raymond and Rousset 1995), using 1000 dememorizations with 100 batches (1000 iterations per batch).
To confirm the origin of each locus (i.e., coral or zooxanthellae), zooxanthella DNA was obtained by the degraded controls technique (Shearer et al. 2005) , following a modified protocol from Coffroth et al. (1992) . This technique allows separating zooxanthellae from coral tissue, with little contamination of one species tissue with the other. The designed microsatellite primers were then tested against this DNA.
Microsatellites developed for C. caespitosa were also tested in the scleractinian species Oculina patagonica collected in Alcossebre (Castellón, Spain, NW Mediterranean). Ten N a , number of alleles; H o , observed heterozygosity; H e , expected heterozygosity; F, all primers were fluorescently end labeled with 6-FAM, NED, VIC, or PET by reamplification with the oligonucleotide primer PaulAnn (5#-TGACGACCCCATGCTACG-3#) (Casado-Amezúa et al. 2010); R, all reverse primer was ''Pig-Tailed'' with 5#-GTTTCTT-3# (Brownstein 1996) to facilitate genotyping. a Annealing temperatures for each of the primers.
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Results and Discussion
Population genetic studies on Mediterranean scleractinian corals have been in general based on allozymes (e.g., Goffredo et al. 2004) , with some constraints associated with the use of those markers (van Oppen et al. 2000) . Different classes of molecular markers should yield complementary views of population structure within species, which allows investigating how evolutionary processes at different time scales had shaped patterns of genetic heterogeneity within populations (Buonaccorsi et al. 2001) . Scleractinian corals population genetics information remains surprisingly limited, mainly due by a lack of adequate markers (Ridgway and Gates 2006) . Maier et al. (2001) report some of the first microsatellite sequences developed for the scleractinian corals. Yet studies that have utilized hypervariable microsatellite sequences to examine population structure and connectivity within scleractinian species have mainly focused on tropical species (Magalon et al. 2004; Baums et al. 2005; Wang et al. 2009 ). Only one study to date has utilized microsatellite markers on a scleractinian species (Astroides calycularis) endemic to the Mediterranean Sea (Casado-Amezúa et al. 2010) .
In the present study, 13 microsatellite loci were developed for the scleractinian species C. caespitosa. Ten of these were trinucleotides repeats, 2 were dinucleotide, and also a hexanucleotide repeat was identified. Most common microsatellite repeats founded in scleractinian corals are diand trinucleotides, with studies mainly focused on species within the widely studied tropical genus Acropora (Wang et al. 2009; Tang et al. 2010) . Other repetitions such as tetra-, penta-, and hexanucleotide repeats have been found to be much less common. López et al. (1999) identified for the first time a tetranucleotide repeat in the scleractinian species Montastrea franksi, and Miller and Howard (2004) found a hexanucleotide within the species Goniastrea favulus. At the time of genotyping, repeats higher than dinucleotides provide a better interpretation and assignment of the alleles, as well as detection of microvariants (alleles which size differs from common allelic variants in a number of bases different from the repeat motif, e.g., one base of any microsatellite, 2 bases for tri or tetranucleotide repeats, etc.).
The designed primers were also tested on DNA from zooxanthella and coral extracted following the degraded control technique (Shearer et al. 2005) . Although this isolation procedure yields DNA that is enriched in symbiont (or host) DNA, small quantities of host (symbiont) DNA can be present. Thus, the weak to no amplification observed in the DNA samples enriched in zooxanthella DNA and the strong amplifications from the samples enriched with the coral DNA indicate that all the developed microsatellites belong to the coral species.
A total of 70 alleles (2-13 alleles per locus) were detected across the 13 loci in the 28 colonies sampled. H o and H e values ranged from 0.036 to 0.821 and 0.035 to 0.848, respectively (Table 1) , figures in the range of other scleractinian species (e.g., Miller and Howard 2004; Underwood et al. 2006) . None of the 13 microsatellite markers significantly deviate from Hardy-Weinberg equilibrium, and none of the pairwise comparisons showed significant linkage disequilibrium. The calculated PI (Peakal and Smouse 2006) reached zero when combining the 2 most variable of the 13 microsatellites analyzed. Five of these 13 characterized microsatellites are needed to calculate the PI among siblings.
In the cross-amplifications analysis with O. patagonica, 4 of the 13 loci (Cc-L5, Cc-L16, Cc-L27, and Cc-L37) amplified all specimens, 3 loci (Cc-L13, Cc-L19 and Cc-L38) amplified weakly in some of the specimens, and the remaining markers did not amplify under the given PCR conditions. This cross-amplification study has shown the possibility to extend the use of these markers to closely related taxa.
By using F-statistics and other population genetic analyses, the characterized loci will provide data useful for studies of gene flow, connectivity, and conservation within the species distribution range and will help to improve the individual resolution at the population level. 
